Objective: The purpose of this research was to investigate the real-world effectiveness of speech therapy time on cognitive recovery in older patients with acute stroke. Methods: The participants of this retrospective cohort study were hospitalized patients with acute stroke registered in the Japan Rehabilitation Database between December 2005 and September 2014. The patients were divided into two groups according to the amount of time they spent undergoing speech therapy, i.e., a high-intensity speech therapy group and a control group. Multivariate linear regression analysis was performed to assess the association between cognitive Functional Independence Measure efficiency and high-intensity speech therapy. Results: Of the 3341 eligible stroke patients (mean age: 77 years) extracted from the database, 53% received high-intensity speech therapy. Patients in the high-intensity speech therapy group had significantly higher cognitive Functional Independence Measure efficiency scores than those in the control group (mean, 0.17 vs. 0.10, respectively; P < 0.001). Multivariate regression analysis showed that cognitive Functional Independence Measure efficiency was significantly and positively correlated with high-intensity speech therapy (coefficient, 0.03; 95% confidence interval, 0.004-0.056; P = 0.026). Conclusions: These data suggest that a large amount of speech therapy time in older patients with acute stroke is a significant predictor of good cognitive recovery. Increased amounts of speech therapy for such patients may lead to better cognitive recovery after stroke.
INTRODUCTION
The world population is rapidly aging, and stroke is the most common disease in aged populations. Stroke causes disability among adults worldwide. 1) In older people, stroke is commonly associated with a risk of subsequent cognitive disability, 2) which often has a negative effect on dependence in daily activities. 3, 4) Cognitive disability in the acute phase after stroke is a predictive factor for depressive symptoms and a reduced quality of life in the long term. 5) Cognitive disability can also influence motivation and the ability to participate in rehabilitation programs, thereby reducing the chances of a return to the community. Therefore, cognitive recovery by rehabilitation in the early phase after stroke is important for older patients.
Rehabilitation programs for patients with stroke are usually facilitated by an interdisciplinary team comprising a physician, nurse, physical therapist, occupational therapist, speech therapist, and other professionals in related fields. Speech therapists assess, diagnose, and treat disorders of speech, language, social communication, cognitive communication, and swallowing. 6) Speech therapy reportedly has a positive effect on recovery from aphasia and on preventing aspiration pneumonia. [7] [8] [9] However, the effect of speech therapy on cognitive recovery in patients with acute stroke is unclear. Although some studies have reported a correlation between rehabilitation intensity and recovery of physical function in patients with acute stroke, 10) the effect of rehabilitation intensity on cognitive recovery is unclear. If speech therapy is effective for cognitive recovery in older patients with acute stroke, speech therapy in acute stroke rehabilitation should be given more consideration.
We hypothesized that a greater amount of speech therapy time during acute stroke rehabilitation might be correlated with better cognitive recovery. We performed a retrospective cohort study to clarify the real-world effectiveness of the amount of speech therapy time in acute stroke rehabilitation on cognitive recovery in a clinical practice setting. We used the Japan Rehabilitation Database because it contains realworld clinical practice data from a large number of acute hospitals throughout Japan.
METHODS

Data Source
The Japan Rehabilitation Database was developed with financial support from the Ministry of Health, Labour and Welfare of Japan. 11) Clinical data have been collected for rehabilitation inpatients discharged from participating hospitals since 2005. The database is divided into different sections such as stroke, hip fracture, and spinal cord injury. The database is recorded voluntarily by hospitals listed in the Japan Association of Rehabilitation Database. The database consists of continuous samples in these hospitals. Because of the anonymous nature of the data, informed consent was waived for the present study. The medical staff (physicians, therapists, and nurses) at each hospital record the data and send them to the office of the Japan Association of Rehabilitation Database. The Association extracts and sends the data to researchers. The database for stroke patients mainly includes the following patient characteristics: age, sex, Functional Independence Measure (FIM) score (ranges from 18 for totally dependent to 126 for totally independent), 12) length of stay at the acute hospital, days from stroke onset, type of stroke, amount of daily speech therapy time and other therapy time, modified Rankin Scale (mRS) score (ranges from 1 for no significant disability to 5 for severe disability), 13) Glasgow Coma Scale (GCS) score, 14) comorbidities, and history of stroke.
Patients
For this study, the clinical data of patients who were admitted with a diagnosis of stroke from December 2005 to September 2014 were collected from the Japan Rehabilitation Database. We included patients for whom the following data were recorded: admission within 3 days of onset, start of speech therapy within 7 days of admission, and information on cognitive FIM score at admission and discharge from the acute hospital.
Speech Therapy
Rehabilitation physicians in Japan prescribe speech therapy for patients with aphasia, dysphagia, dysarthria, dysphonia and for patients with cognitive impairments involving memory, attention, problem solving, and executive functions. Acute rehabilitation is usually provided to patients on weekdays in Japan.
In the current study, patients were divided into two groups according to the amount of speech therapy time: the high-intensity speech therapy (HI-ST) group and the control group. The HI-ST group comprised patients who underwent speech therapy for an average of ≥ 20 min/day. The control group comprised patients who underwent speech therapy for an average of < 20 min/day. The average daily speech therapy time was calculated by dividing the total speech therapy time by the duration of hospitalization in acute hospitals, including days in which no speech therapy took place. Studies of data from acute hospitals in Japan and a stroke rehabilitation unit in Canada showed that patients with stroke usually undergo rehabilitation from both physical therapists and occupational therapists for a total of about 30 min/day. 15, 16) Because there are fewer speech therapists than physical therapists or occupational therapists in Japan, it is possible that patients undergo less speech therapy than they do physical therapy or occupational therapy. The cost of rehabilitation is calculated in 20-min intervals in the Japanese medical insurance system. For these reasons, the patients were divided into two groups with a cutoff of 20 min.
Cognitive Disability
Cognitive disability was evaluated by the cognitive FIM score. The cognitive FIM score comprises two subscale scores: a communication and a social cognition score. The communication score consists of a comprehension and expression score and ranges from 2 to 14 points. The social cognition score consists of a social interaction, problem solving, and memory score and ranges from 3 to 21 points.
Outcome Measures
The primary clinical outcome in this study was cognitive FIM efficiency. 17) The secondary clinical outcomes were cognitive FIM subscale efficiency (communication and social cognition efficiency), cognitive FIM gain, duration of hospitalization, and discharge status. Evaluation of the cognitive FIM score was performed and recorded at admission and at discharge from the acute hospital. The outcome measure of this study, the cognitive FIM efficiency, was calculated using the following equation: (discharge cognitive FIM score − admission cognitive FIM score)/days of hospitalization. Likewise, communication and social cognition efficiencies were calculated using the following equations: (discharge communication FIM score − admission communication FIM score)/days of hospitalization, and (discharge social cognition FIM score − admission social cognition FIM score)/days of hospitalization, respectively. Cognitive FIM gain was calculated using the following equation: discharge cognitive FIM score − admission cognitive FIM score. The discharge status was divided into the following categories: home, facility, other hospital, death, and unknown.
Statistical Analyses
The demographic and clinical characteristics of the patients were compared between the HI-ST group and the control group using the chi-square test for categorical variables and using the unpaired t-test for continuous variables. Multivariate linear regression analysis for cognitive FIM efficiency as the dependent variable was performed to calculate the correlation coefficients of the following independent variables: age, sex, type of stroke, days to admission after onset, mRS score before admission and at admission, motor and cognitive FIM score at admission, HI-ST group (or control group), daily time undergoing other therapy by a physical therapist or occupational therapist, comorbidities (hypertension, diabetes mellitus, and atrial fibrillation), and GCS score at admission. Multivariate linear regression analysis was also performed for both communication efficiency and social cognition efficiency as the dependent variables. Furthermore, subgroup analyses were performed after dividing the patients into two groups by age at admission (< 75 and ≥ 75 years of age, defined as early elderly or late elderly, respectively, by the World Health Organization). We used generalized estimation equations to account for clustering of observations within hospitals and to provide more accurate confidence intervals (CIs). We used SPSS 23.0 software (IBM SPSS Inc., Armonk, NY, USA) for all analyses. The threshold for significance was P < 0.05.
RESULTS
During the study period, there were 16,791 patients with stroke, 2768 with hip fracture, and 4124 with spinal cord injury recorded in the database. Of these, 9951 stroke patients in 37 participating acute hospitals were identified for the present study. Excluded from the analysis were 1102 patients who were not admitted within 3 days of onset, 3002 patients who did not undergo speech therapy, 559 patients who did not start speech therapy within 7 days of admission, and 1947 patients with incomplete cognitive FIM score data. A total of 3341 patients in 12 participating acute hospitals remained eligible for analysis ( Fig. 1) . In the final analysis, 75% of patients were registered from the top three hospitals. Table 1 shows the clinical characteristics of the study patients. The HI-ST group comprised 1778 patients (53.2%). The age and mRS score before admission and at admission were significantly lower for patients in the HI-ST group than in the control group. The motor FIM score at admission, cognitive FIM score at admission, communication FIM score at admission, daily time undergoing other therapy, and GCS score at admission were significantly higher in patients in the HI-ST group than in the control group. There were no significant differences in sex, days to admission after onset, social cognition FIM score at admission, comorbidities (hypertension, diabetes, or atrial fibrillation), right-sided body paralysis, or history of stroke between the two groups. There was a significant difference in the types of stroke between the two groups. Table 2 shows a comparison of outcomes between the two groups. The HI-ST group had significantly higher scores than the control group in cognitive FIM efficiency (mean ± standard deviation, 0.17 ± 0.37 vs 0.10 ± 0.31; P < 0.001), communication FIM efficiency (0.06 ± 0.17 vs 0.04 ± 0.13; P = 0.001), and social cognition FIM efficiency (0.11 ± 0.28 vs 0.07 ± 0.21; P < 0.001). In addition, the HI-ST group had significantly higher scores in cognitive FIM gain (4.30 ± 6.74 vs 2.94 ± 6.07; P < 0.001), a shorter duration of hospitalization (29.93 ± 19.56 vs 34.69 ± 24.08; P < 0.001), and more patients who were discharged to home than the control group (36.2% vs 26.5%). Table 3 shows the multivariate linear regression analysis results for cognitive outcome. Multivariate linear regression analysis identified the HI-ST group as a significant factor in cognitive FIM efficiency (coefficient, 0.030; 95% CI, 0.004-0.056; P = 0.026). Additionally, the HI-ST group was identified as a significant factor in communication FIM efficiency (coefficient, 0.012; 95% CI, 0.002-0.022; P = 0.019) and social cognition FIM efficiency (coefficient, 0.018; 95% CI, 0.000-0.035; P = 0.048). The results of subgroup analysis showed that the HI-ST group was a significant factor for cognitive FIM efficiency (P < 0.001) and social cognition FIM efficiency (P < 0.001) in early-elderly patients (age < 75 years) ( Table 4) .
DISCUSSION
We used a large rehabilitation inpatient database to investigate the real-world effectiveness of the amount of speech therapy time on cognitive FIM efficiency in older patients with acute stroke. The present study showed that providing speech therapy for an average of ≥ 20 min/day was associated with higher cognitive FIM efficiency than providing speech therapy for an average of < 20 min/day to older acute stroke patients. Furthermore, longer speech therapy times were associated with higher communication and social cognition FIM efficiencies as subscales of cognitive FIM efficiency.
The database used in the present study, the Japan Rehabilitation Database, included real-world practical data for a large number of patients under a multicenter registry of a number of hospitals across Japan. Therefore, the strong statistical power of this study allows us to draw definite conclusions. In addition, generalized estimating equations were used in this study to account for the potential correlation of outcomes within hospitals.
Previous clinical studies in other rehabilitation fields have identified the important role of intensive rehabilitative treatment, which often leads to better functional recovery. Although one study showed no effect of intensive rehabilitative treatment (2 h/day vs. 45 min/day) in patients with acute hemispherical ischemic stroke causing severe disabilities, 18) several studies have reported that the intensity of acute exercise therapy for patients with physical impairment at a moderate or higher level has a favorable effect on physical function recovery. 19, 20) Additionally, the total amount of time provided by occupational therapists was found to contribute significantly to gains in the FIM score during hospitalization. 16) To the best of our knowledge, our study is the first clinical study to examine the relationship between the amount of speech therapy time and cognitive recovery in older patients with acute stroke.
The main reason for the significant association between the speech therapy time and cognitive recovery remains unclear because the database did not provide sufficient detail for further investigation. However, several reasons for this association can be put forward. Many patients with acute stroke have dysarthria (i.e., a motor speech disorder) caused by face or tongue paralysis. 21) Speech therapy for dysarthria often involves exercises of the tongue, lips, and jaw. These approaches might have influenced communication FIM efficiency. Many patients with acute stroke also have disturbance of consciousness. 22) Rehabilitation provided by speech therapists for patients with consciousness disturbance often involves passive exercises involving the face and oral cavity. The face and oral cavity area in the brain cortex is larger than that of the upper limbs and legs. 23) Additionally, lip and tongue exercises 24, 25) and taste stimuli 26) result in major brain activation. Thus, it is possible that increased exercise and greater stimuli to the face and oral cavity during speech therapy in patients with stroke had positive effects on recovery of consciousness and on ameliorating cognitive disability as a result of the associated large amounts of brain activation. Moreover, some stroke patients might undergo specialized rehabilitation to recover cognitive ability (e.g., attention and memory) using a compensatory approach. 27, 28) The effectiveness of speech therapy on aphasia has been reported previously. 7, 8) In addition, aphasia therapy was effective for the recovery of memory and for improving attention, problem solving, and executive functions that may sometimes require language-related thinking. 29) However, the number of patients with aphasia was unclear in the present study. Because the number of patients with right-sided paralysis who possibly had aphasia was not significantly different between the HI-ST and control groups, the effectiveness of HI-ST might be caused not only by aphasia therapy but also by a comprehensive speech therapy program.
The results of the subgroup analysis showed that the speech therapy time was not associated with cognitive FIM efficiency for patients aged ≥ 75 years. The reason for this finding may be that cognitive functions such as fluid intelligence, attention, memory, and executive functioning decrease with age. 30) Patients aged > 75 years may have had low trainability with respect to rehabilitation by speech therapists. In addition, the statistical power was likely reduced when the sample size was decreased by division into two subgroups.
Because of the small number of speech therapists in Japan, many patients with acute stroke may not be provided enough speech therapy in real-world practice. Thus, based on our finding of the important role of speech therapy for cognitive recovery, we recommend providing a greater amount of speech therapy to older patients with acute stroke. If adequate speech therapy is provided during acute medical care, the quality of stroke rehabilitation will likely be improved.
Several limitations of this study should be acknowledged. First, because the database used in this study did not have data for all acute stroke patients who received speech therapy in Japan, and because the database was constructed without random sampling, the generalizability of these findings might be limited. Second, speech therapy time might be shorter if patients have a serious cognitive impairment, and this represents a selection bias. This antagonistic bias would cause underestimation of the effectiveness of HI-ST rather than overestimation. This problem was not considered to be serious in the current study. Third, the database lacks detailed information about the diagnosis of impairment and about the rehabilitation programs used in speech therapy. Therefore, the types of speech therapy programs that are effective for recovery of cognitive ability remain unclear. Consequently, we focused on the amount of speech therapy in the current study. We could clarify the amount of speech therapy time that may be needed for acute stroke rehabilitation. Hopefully, our findings will contribute to the creation of future policies for acute stroke rehabilitation. Fourth, there was deviation in the distribution of patients among the hospitals. The amount of speech therapy time might reflect the policy of those hospitals that contributed large numbers of eligible patients to the database. Therefore, we adjusted such correlations (clustering) of data within a hospital using generalized estimating equations. Finally, the database lacks information about medication, cognitive ability before admission, and the brain region affected by stroke; these factors may influence the recovery of cognitive ability.
CONCLUSION
In conclusion, our analysis of real-world data in the clinical practice setting has shown that speech therapy for an average of ≥ 20 min/day was associated with good cognitive recovery in older acute stroke patients who underwent speech therapy.
